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SUMMARY

R An investigation has been conducted in the Langley 4- by 4-foot
) supersonic pressure tunnel at a Mach number of 2.20 to determine the
aerodynamic characteristics of a variable-wing-sweep short take-off and
landing (STOL) configuration with outboard panels swept back 50°, 75°,
and 80°.

The results indicate that the longitudinal stability of the complete
configuration decreased slightly with increase in 1ift. The static mar-
gin at zero 1lift decreased from 21.7-percent to lk.l-percent mean geo-
metric chord with increase in sweep angle of the outboard wing panels
from 50° to 80°.

These results in conjunction with transonic results for the same
model, obtained from NASA T™ X-321, indicate that the total change in
static margin due to an increase of the Mach number from 0.60 to 2.20
combined with a change in wing sweep from 259 o 75° is about 11 -percent
mean geometric chord.

The complete configuration exhibited positive directional stability,
positive effective dihedral, and a meximum untrimmed lift-drag ratio of
approximately 4.6.

INTRODUCTION

The National Aeronautics and Space Administration is currently con-
ducting configuration studies directed toward the development of a

*Title, Unclassified.
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multimission airplane capable of STOL operation, maximum possible low-
altitude range, and acceleration to supersonic speeds for short periods
of time. Such demands require that the configuration possess efficient

subsonic as well as supersonic flight characteristics. Since the require-

ments for efficient low-speed flights are not compatible with those for
supersonic flight, the effort of these studies has been directed toward
a configuration incorporating variable wing sweep with an outboard pivot.
The available results of this study are presented in references 1 to 10.

This paper presents results of an investigation of a variable-wing-
sweep STOL configuration that has been reported on for transonic speeds
in reference 11. The vertical take-off capability was eliminated from
this configuration in order to increase the high-speed capability. 1In
order to eliminate stability problems in the STOL phase, the two rotata-
ble nozzles of the present configuration were located near the airplane
center of gravity. The results include the longitudinal and lateral
aerodynamic characteristlcs at a Mach number of 2.20 with the wing outer
panel swept back 50°, 75°, and 80°.

SYMBOLS

Force and moment coefficients are referred to the body-axis system
except the lift and drag coefficients which are referred to the wind-
axis system. All data presented herein are based on the geometry of
the wing with the outboard panels swept back 75 The moment reference
point is located on the body center line at a station 57.2 percent of
the body length.

The coefficients and symbols are defined as follows:

Cp drag coefficient, ngg
Cy, 1ift coefficient, Ligﬁ
q
Pitching moment
Cm pitching-moment coefficient, —
qSc
Rolling moment
Cy rolling-moment coefficient,
qSb
awing moment
Cn yawing-moment coefficient, X g

qSb

A
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’ Cy side-force coefficient, oSide force
. qs
CzB effective-dihedral parameter, oC7/0B
CnB directional-stability parameter, oCp/OB
CYB side-force parameter, oCy/oB
1 L/D lift-drag ratio, Cr/Cp
% S wing area including fuselage intercept
[ b wing span
* ¢ wing mean geometric chord
- qQ free-stream dynamic pressure
a angle of attack, deg
B angle of sideslip, deg
®h horizontal-tail deflection, deg
A sweep angle of leading edge of outboard wing panels, deg
Model Component Designations
Model components are identified by the following designations:
W wing
B body
A vertical tail
H horizontal tail
* MODEL AND APPARATUS

Details of the model are shown by drawings and photographs pre-
sented in figures 1 and 2, respectively. The model, one of a series of




aircraft configurations currently being investigated, is referred to
herein as model 3, to conform with the designation used in reference 11.
This model is a refinement of model 2 reported on in reference 10.
Modifications included in model 3 from model 2 are an increase in fore-
body length, a rearward shift of the side-jet exits and an improved area
distribution (fig. 3). 1In addition, the base exit of model 3 was
designed to operate in a fixed position; whereas, the two side exits
were designed to rotate downward through an angle range of approximately
120° from straight back to about 30° ahead of the vertical for low-speed
operation. The model had a total inlet-capture area of 0.0275 sq in.,
an area of 0.013% sq in. for the 2 side exits, and a base exit area of
0.013% sq in. The vertical and horizontal tails had 60 swept back
leading edges, an aspect ratio of 1.25, and a taper ratio of O. 18.

These tall surfaces were constructed of sheet metal having rounded
leading edges and beveled trailing edges with a thickness ratio of 0.0L.

The wing used with model 3 had the same plan-form characteristics
as the wing used with model 2. The inboard panels of the wing had NACA
65A004.5 airfoil sections (measured streamwise) and a leading-edge sweep
angle fixed at 60°. The outboard panels had NACA 65A006 airfoil sections
(measured streamwise with panels swept back 25°) and leading-edge sweep
angles of 50°, T75°, or 80°.

The model was mounted on a remotely controlled rotary sting, and
force measurements were made through the use of a six-component inter-
nal strain-gage balance.

TESTS, CORRECTIONS, AND ACCURACY

The test conditions are as follows:

Mach number . . . .. e e e e e e e e e e e e e e e e e e e 2,20
Stagnation temperature, °F D K ¢
Stagnation pressure, 1b/sq ft « « « « o« « « ¢ o« 4 . o . . o o . 1,440
Reynolds number based on ¢ of wing with outer wing

panels swept BACK T5° v v v v v v v v e 4 e e e 0 .. oe .. LT X 106

The stagnation dewpoint was maintained sufficiently low (-25° or
less) s0 that no condensation effects were encountered in the test sec-
tion. The angle of attack and sideslip were corrected for deflection of
the balance and sting under load. The pressure within the balance enclos-
ure was measured, and the drag force was adjusted to a balance chamber
pressure equal to free-stream static pressure. The internal drag was
determined from the change in momentum from free-stream conditions to
conditions measured at the duct exits. The average mass flow through the
inlet was 1.088. The internal drag correction applied to the drag results
presented herein varied from 0.0151 to 0.0172. In order to insure a turbu-
lent boundary layer, 1/8- inch-wide strips of No. 80 carborundum grains were
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attached to the wing and tail surfaces at the 0.10-chord stetion and at

a8 body st

ation 3.25 inches rearward of the nose.

The estimated accuracy of the measured quantities is as follows:

Ct, « - .
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be found
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PRESENTATION OF RESULTS

results of the investigation and the figures in
are shown in the following table:

which

Effect of the horizontal-tail deflection on the aerodynamic

charact
A = 50°
A= T75°
A = 80°

eristics in pitch:

Aerodynamic characteristics in pitch for various combinations

onents; A= T59 .+ v v v 4 v e v e e e e o0

Variation of the aerodynamic characteristics in sideslip:

of comp
A = 50°
A = 759
A = 80°

- . . - . . . . . o . « o . . e . . . . .

SUMMARY OF RESULTS

+0.0053
+0.0011

10.0022
+0.0002
£0.0012

10.0053

0.1
0.1
+0.1

they will

Figure

The variation of pitching moment with 1lift (figs. 4 to 6) indicates
that the longitudinal stability of the complete configuration model 3
(Winngody-tail configuration) decreased slightly with increase in angle
of attack for sweep angle of the outboard wing panels of 50°, 75°, or 80°.
The static margin of the model (C, = 0) for M = 2.20 decreased from

21.7 percent ¢
wing panels was decreased.

to 1b4.1 percent € as the sweep angle of the outboard
These results, in conjunction with results

of reference 11, indicate that the total Shange in static margin due to
an increase in sweep angle from 25° to 75  combined with an increase in
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Mach number from 0.60 to 2.20 amounts to about 11 percent &. The
minimum-drag coefficient of the model for M = 2.20 was 0.0335 for

A= 50° and 0.0290 for A = 75° or 80°. The meximum untrimmed (L/D)
ratio was approximately 4.6 or approximately 0.8 higher than model 2 of
reference 2.

The sumary of the lateral-stability characteristics presented in
figure 11 indicates that the model was directionally stable and had posi=-
tive effective dihedral for an angle-of-attack range up to approximately
9°. It may be noted from results presented in figures 8, 9, and 10 that
the directional stability of the model at the highest angle of attack is
limited to sideslip angles less than approximately 2©.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 10, 1960.
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(a) Variation of Cp, and o with Cj.

Figure k.- Effect of horizontal-tail deflection on the aerodynamic
acteristics in pitch for model 3. A = 50°,
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(b) Variation of L/D and Cp with Cp.

Figure 4.- Concluded.
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Figure 5.~ Effect of horizontal-tail deflection on the aerodynamic
acteristics in pitch for model 3. A = 75°,
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(a) Variation of Cp and o with Cy,e

Figure 6.- Effect of horizontal-tail deflection on the aerodynamic char-
acteristics in pitch for model 3. A = 80°,
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Figure 8.~ Variation of aerodynamic characteristics in sideslip for

model 3. A = 50°,
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